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Abstract 
Cardiovascular disease (CVD) remains a major cause of mortality worldwide in spite of the recent advances in 
medical and surgical treatment. Twenty Wistar albino rats were divided into Four (4) equal groups each comprising 
of five (5) members. The groups (A, B & C) were orally administered with prepared Herbal/Garlic “Gadagi” Tea, 
at low dose (3 mg/kg), standard dose (6 mg/kg) and high dose (12 mg/kg) respectively. Group D served as normal 
control. After two weeks of Herbal/Garlic “Gadagi” tea administration, all the 20 Wistar albino rats were sacrificed 
by decapitation and their blood samples were collected and used for biochemical analyses. Total Cholesterol (TC), 
HDL-cholesterol, LDL-Cholesterol, Triglycerides, Sodium, Potassium, AST, CK, and LDH were analysed using 
standard methods. There was a significant increase (P < 0.05) in the levels of TC, LDL-Cholesterol, Potassium 
and CK in group C compared to control and significant decrease (P<0.05) in HDL-Cholesterol in group A 
compared to normal. Dose- dependent increases were observed (P<0.05) in TC, LDL-cholesterol, Triglycerides 
and LDH at 6mg/kg and 12mg/kg doses; Potassium at 3mg/kg and 6mg/kg doses and at 6mg/kg and 12mg/kg 
doses; CK at 3mg/kg and 6mg/kg doses respectively. Generally, the current research suggests that herbal/Garlic 
“Gadagi” tea might be a risk factor of cardiovascular diseases, and may be toxic to both the heart and peripheral 
vascular tissues at doses beyond 6 mg/kg. 
Keywords: Gadagi, cardiovascular diseases, herbal medicine, tissue damage markers 
 
1.0 Introduction 
Cardiovascular diseases include coronary heart diseases or coronary artery diseases, cardiomyopathy, heart failure, 
endocarditis, cerebrovascular disease and peripheral arterial diseases among others. Almost all cardiovascular 
diseases in a population can be explained in terms of a limited number of risk factors: age, gender, high blood 
pressure, high serum cholesterol level, tobacco smoking, excessive alcohol consumption, family history, obesity 
and lack of physical activity, psychosocial factors, diabetes mellitus and air pollution (Bridget and Kelly, 2010; 
WHO, 2012). While the individual contribution of each risk factor varies between different communities or ethnic 
groups, the consistency of the overall contributions of these risk factors is remarkably strong (Yusuf et al., 2004). 
Some of these risk factors, such as age, gender or family history are immutable, however many important 
cardiovascular risk factors are modifiable by life style change, drug treatment or social change (Martin, 2006). 
While the causes of cardiovascular diseases are diverse, atherosclerosis and/or hypertension are the most 
common. Cardiovascular diseases are the leading cause of death and disability in the world (WHO, 2012). 
Although a large proportion of cardiovascular diseases are preventable, they continue to rise mainly because 
preventive measures are inadequate (WHO, 2012).  
“Gadagi” (meaning energy in Hausa) is a type of tea that is consumed mostly in the northern part of 
Nigeria. The tea consumption dates back 65 years with consumption in few spots. It is still a new entrant as a 
stimulant. Its preparation is not radically different from the way normal tea is prepared. It is a mixture of sugar and 
tea of highland brand boiled in water with some plants such as African mahogany (Khaya senegalensis) lemon 
grass (Cymbopogon citratus) and mint plant (Mentha palustris). It is consumed as a hot beverage mostly by drivers 
and commercial motorcyclists in Northern Nigeria and more particularly in Kano state (Atiku et al., 2009). Other 
silent users are tailors and labourers involved in strenuous physical jobs. Those who use it believe that, it can 
increase their power of endurance and their ability to forego food and sleep. It is also believed to be a source of 
energy probably due to its enriched sugar content. There are three major types of “Gadagi” tea, viz: “Sak”, “Sada” 
and “Magani”. Some of the users add some drugs such as Alabukun (acetylsalicylic acid), marijuana and 
buta(butazolidin) to enrich the “Gadagi” tea (Atiku et al., 2009). 
Despite the fact that “Gadagi” tea is being consumed indiscriminately, there is little or no scientific 
evidence to show that its consumption is safer or has no effect on the heart tissues. Individual parts of different 
plants used in herbal “Gadagi” tea preparation were known to have certain medicinal value, but synergistic effect 
of multiple herbal “Gadagi” tea concoction on cardiovascular risk factors remains unknown. However, an 
estimated 17.3 million people died from cardiovascular diseases in 2008; over 80% of CVDs death takes place in 
low and middle income countries(Nigeria inclusive); and by 2030, almost 23.6 million people will die from CVDs. 
Hence, investigation of herbal “Gadagi” tea effects on cardiovascular risk factors would be of significance to 
humanity, as it may positively or negatively influence the pre-estimated mortality and disability by World Health 
Organisation. 
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2.0 Materials and Methods 
2.1 Materials: 
• Randox brand Commercially Prepared Reagent Kits for T. Cholesterol, Triglcerides, HDL-cholesterol 
and AST obtained from Randox Laboratories Ltd., 55 Diamond Road, crumlin, Co. Antrim, United 
Kindom, BT294QY. 
• AGAPPE brand Commercially Prepared Reagent Kits for C.K and LDH-p obtained from Agappe 
Diagnostics, Switzerland, GmbH. 
 
2.2 Preparation of Herbal/Garlic Gadagi tea 
All the components of the Herbal/Garlic “Gadagi” tea were sourced from Kurmi market with exception of the Red 
Tea leaves, which was obtained from Igbo road, “sabon gari” market of Kano, Kano state - Nigeria. The 
components of the Herbal/Garlic “Gadagi” tea were powdered using metal pestle and mortar and then sieved. The 
proportional quantity of each component was then weighed and then put in a clean stainless steel container. A litre 
of distilled water was then added to the mixture and then boiled for an hour in a tightly closed container to minimize 
steam escape.  
The relative proportional quantities of the components are: 
• Allium sativum (Garlic)               20.0g (10.52%) 
• Mentha palutris(Mint Plant)    3.50g (1.84%) 
• Cymbopogon citratus (Lemon Grass)   4.0g (2.11%) 
• Zingiber officinale (Ginger)    3.50g (1.84%) 
• Eugenia caryophyllus (Clove)    1.5g (0.79%) 
• Piper guineense (West African Pepper)   1.5g (0.79%) 
• Aspalathus  linearis (Red Tea Leaves)   4.0g (2.11%) 
• Xylopia aetiopica (Grain of Selim)    2.0g (1.05%) 
• Sugar                  150.0g (78.9%) 
• Distilled water       1.0 litre 
 
2.3 Acquisition and Care of experimental animals 
Twenty (20) albino rats weighing between 100-120g were obtained from the animal house of the Department of 
Biological Sciences, Bayero University, Kano. They were allowed food and water ad-libitum and exposed to 
twelve hour light-dark cycles and the experiments conducted according to the National Institute of Health Guide 
for the care and use of laboratory animals (NIH, 1996). The animals were also handled according to international 
guidelines, i.e. the Organization for Economic Cooperation and Development (OECD) Test Guidelines (TG407) 
(OECD, 2006). 
Methods  
 
2.4 Experimental design 
The animals were divided into four (4) groups of five (5) animals each. Three of the groups were administered 
orally with the Herbal/Garlic “Gadagi” Tea, by intubation, at low dose (3mg/Kg- Group A), standard dose 
(6mg/Kg- Group B) and high dose (12mg/Kg- Group C) respectively for two weeks, whilst one group served as 
control (given only water – the vehicle). All the rats were allowed free access to food and water during the course 
of the experiment. Volume of “Gadagi” tea administered as the standard dose was determined based on the average 
weight of the rats in relation to 70kg man that normally consumes 700cm3. 
After two weeks of administrations, all the 20 rats were sacrificed by decapitation and their blood 
samples collected separately into clean test tubes and centrifuged at 1000 revolution per minute for ten minutes. 
Serum was obtained and used for biochemical analyses instantly. 
 
2.5 Methods 
Total cholesterol, TGS, LDL-cholesterol and HDL-cholesterol were determined using Randox commercially 
prepared kits; Na and K were determined using flame photometry; Aspartate Transaminase Determination 
(Reitman et al., 1957) Method. Lactate dehydrogenase Determination (Wei-Bharr Method, 1975) Creatine Kinase 
Determination using Trendelenburg (1982) Method. 
 
3.0 Results and Discussion 
The mean serum total cholesterol, LDL-cholesterol, and triglycerides showed a dose- dependent increase in 
experimental groups (standard dose and high dose), while HDL-cholesterol showed a decreasing pattern as the 
dosage increases, suggesting an inverse relationship. Dose-dependent increase was also observed in serum sodium 
level in experimental rats, though no significant difference was found in all the groups. However, the serum level 
of potassium decreases significantly (p<0.05), as the dosage increases- suggesting an inverse relationship.  There 
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is general increase in mean serum cardiac enzyme activity in the test groups. Both AST and LDH activity increase 
significantly as the dosage increases (p<0.05). 
There was a significant increase (P < 0.05) in the levels of T. Cholesterol, LDL-Cholesterol, Potassium 
and CK in group C compared to control and significant decrease (P < 0.05) in HDL-Cholesterol in group A 
compared to normal. Dose- dependent increases were observed (P < 0.05) in T. Cholesterol at 6mg/kg and 12mg/kg 
doses; LDL-cholesterol at 6mg/kg and 12mg/kg doses, Triglyceride at 6mg/kg and 12mg/kg doses, Potassium at 
3mg/kg and 6mg/kg doses and at 6mg/kg and 12mg/kg doses; CK at 3mg/kg and 6mg/kg doses; LDH at 6mg/kg 
and  12mg/kg doses respectively. 
 Table 1: Effect Of Different Doses Of Herbal “Gadagi” Tea On Lipid Profile In Experimental Wistar 
Albino  Rats 
 T.Chol (mmol/L) 
                %∆ 
HDL-Chol 
(mmol/L) 
                 %∆ 
LDL-Chol 
(mmol/L) 
                 %∆ 
Trig(mmol/L) 
         %∆                     
 
CONTROL 
(0 mg/Kg) 
 
5.06a 
±               0 
0.99 
 
1.42c 
±               0 
0.15 
 
2.97d 
±                  0 
0.60 
 
1.46 
±          0 
0.73 
 
LOW DOSE 
(3 mg/Kg) 
 
4.58 
±             -10 
0.84 
 
1.08c 
±               -24 
0.31 
 
3.10 
±                  4 
0.82 
 
1.68 
±          15 
0.24 
 
STANDARD DOSE 
(6 mg/Kg) 
 
5.72b 
±              13 
1.70 
 
1.12 
±                -21 
0.13 
 
3.87c 
±                 30 
1.43 
 
1.79b 
±           22 
0.31 
 
HIGH DOSE 
(12 mg/Kg) 
 
6.98a,b 
±              38 
1.24 
 
0.94 
±                -34 
0.46 
 
5.11d,c 
±                 72 
0.90 
 
2.04b 
±             32 
0.05 
Result are expressed as Mean ± S.D. n= 5. Values bearing similar superscripts in the same column are significantly 
different at P < 0.05 compared to each other. 
 
Table 2 : Effect Of Different Doses Of Herbal “Gadagi” Tea On  Electrolytes In Experimental Wistar Albino  
Rats 
 Sodium (mg/L) Potassium (mg/L) 
 
CONTROL 
(0 mg/Kg) 
 
135.06 
± 
5.52 
 
4.92a 
± 
1.50 
 
LOW DOSE 
(3 mg/Kg) 
 
138.60 
± 
3.45 
 
3.26b 
± 
0.65 
 
STANDARD DOSE 
(6 mg/Kg) 
 
140.18 
± 
22.50 
 
3.06b,c 
± 
0.65 
 
HIGH DOSE 
(12 mg/Kg) 
 
154.88 
± 
22.37 
 
2.77a,c 
± 
0.93 
Result are expressed as Mean ± S.D. n= 5. Values bearing similar superscripts in the same column are significantly 
different at P < 0.05 compared to each other. 
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Table 3 : Effect Of Different Doses Of Herbal “Gadagi” Tea On Some Cardiac Enzymes In Experimental 
Wistar Albino  Rats 
 AST 
(U/L) 
CK 
(U/L) 
LDH 
(U/L) 
 
CONTROL 
(0 mg/Kg) 
 
10.20b 
± 
3.11 
 
89.79a,c 
± 
25.04 
 
73.43 
± 
43.89 
 
LOW DOSE 
(3 mg/Kg) 
 
11.40b 
± 
5.37 
 
94.10c,d 
± 
12.13 
 
65.19 
± 
18.28 
 
STANDARD DOSE 
(6 mg/Kg) 
 
22.60 
± 
11.19 
 
193.23d 
± 
62.99 
 
81.75c 
± 
24.16 
 
HIGH DOSE 
(12 mg/Kg) 
 
38.60 
± 
28.59 
 
163.43a 
± 
64.00 
 
177.40c 
± 
98.63 
Result are expressed as Mean ± S.D. n= 5. Values bearing similar superscripts in the same column are significantly 
different at P < 0.05 compared to each other. 
 
 4.0 Discussion 
Several studies have consistently indicated correlation between serum levels of cholesterol, TG, HDL- and LDL-
cholesterols with hypertension (O׳Brien et al., 2007; Grossman and Messerli, 2012). The observation in this work 
may likely be due to the fact that the mechanism involving lipid alteration may have been disturbed by the 
administration of Herbal “Gadagi” tea. 
A study on garlic indicated that it prevents hypertension by chronic inhibition of nitric oxide synthesis 
without altering blood pressure in garlic fed rats. This indicates that though the base line of measured parameter 
remains the same, there may be a change in situation when there is hypertension (Pedraza et al., 1998). Low level 
of LDL-cholesterol is known to correlate with a low incidence of coronary heart disease, particularly 
arteriosclerosis. Increase of 1% cholesterol is reported to have resulted in a 3% increase in coronary heart disease. 
Equally a reduction in LDL-cholesterol by 2 mg/dl can result in 1% reduction in the risk for coronary artery disease 
(Lipid research clinics programme, 1984). The significantly high LDL-cholesterol (30% -72%) obtained in this 
work suggests the possibility of herbal “Gadagi” tea to have no ameliorating effect on cardiovascular conditions 
but rather a high risk factor which is in agreement with the work of Howard et al. (2000) where it was reported 
that “a 10mg/dL increase in LDL-cholesterol was associated with a 12% increase in CVD risk.” 
However, Na+- K+ ATPase may be affected since this enzyme is required for the movement of these 
electrolytes across the membrane. The serum levels of K+ and Na+ were determined and there was no significant 
difference (P > 0.05) in the Na+ level but K+ level decreases significantly (P < 0.05). Potassium, which is in the 
intra-cellular fluid, has been reported to be among the protective electrolytes against hypertension (Nurminen et 
al., 1998; Ascherio et al., 1998). 
Tissue enzyme activity as well as cholesterol and triglyceride concentrations in different animals’ 
species have been extensively investigated by several workers (Clampitt and Hart, 1978; El-Newechy et al., 2002; 
Oluba et al., 2009). 
The serum cardiac enzymes detected suggest possible damages to the cardiovascular tissues which may 
be attributed to the relatively low level of HDL-cholesterol and higher level of LDL-cholesterol- which posed the 
animals to the genesis of atherosclerosis. Strong correlations have been shown between increased plasma total 
cholesterol, LDL-cholesterol and increased incidence of coronary heart disease (Edionwe and Kies, 2001; Kamisah 
et al., 2005). Atheroslerosis, which involves deposits of fatty substances, cellular waste products, calcium and 
fibrin, is the leading cause of illness and death in the United States and most other western countries (Ross, 1999). 
HDL cholesterol has a protective effect against cardiovascular disease as it removes excess cholesterol from 
circulation and carries it back to the liver where it is degraded or converted into bile acids (Ahmad et al.,1992). 
The dose-dependent increase in the lipid profile suggests impairment in lipid transport or LDL-receptor 
deficiency, which plays role in the genesis of the associated hypercholesterolemia. The lipid raising effect of some 
trado -medicinal plants have been reported (Sundram et al.,1999; Emenalom et al.,2004).Some workers had earlier 
observed increase in serum cholesterol on administration of crude drug extract; Ahmad et al. (1992), observed an 
increase in serum cholesterol levels on administration of aqueous extract of Aplotaxis lappa. Another work has 
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also demonstrated the ability of H.rosa-sinensis to influence liver metabolism towards increased synthesis of lipids 
(Kate, 2010). This effect is however, dose dependent- suggesting that the use of H. rosa-sinensis in alternative or 
complementary medicine should not exceed the 500 mg/kg dose level (Kate, 2010). In this study, it should thus be 
noted that the use of “Gadagi” tea should not exceed the low dose (3 mg/Kg) in rats. 
Evaluation of blood total cholesterol concentrations and other lipid abnormalities are part of a number 
of risk factors identified for cardiovascular diseases (CVD) (Bell, 2000). Cardiovascular disease is the dominant 
single cause of premature mortality in the world (Anand et al., 2000). The effect of dietary changes on serum lipid 
levels differs significantly between individuals and species. Humans and animals however show a certain 
consistency in the response of their serum lipids to fat-modified diets (Desroches and Lamarche, 2004). The 
difference in response may be caused by variation in genes regulating serum lipid levels (Clifton and Abbey, 1997). 
Lactate dehydrogenase (LDH), alanine amino- transferase (ALT),  aspartate aminotransferase (AST), and gamma-
glutamyltranspeptidase (γ -GT) in addition to cholesterol and triglyceride concentrations are demonstrated to be 
associated with cardiovascular risk factors (Conigrave et al., 1993; Amdt et al., 1998; Whitefield, 2001) as has 
been the case in the current study. 
In a study (Nwinuka et al., 2005), Proximate composition and levels of some toxicants (anti-nutrients) 
in four commonly consumed spices reveals the presence of (30.05 ± 0.15 mg) cyanogenic glycosides per 100g of 
Ginger; (37.06 ± 0.05 mg) per 100g of Garlic and (31.80 ± 0.03 mg) per 100g of West African pepper- which are 
both components of herbal “Gadagi” tea and may be attributed to the “toxicity” observed in this study. 
 
5.0 Conclusion 
The result of this work appears to be contradictory to the earlier report that indicated plants used in “Gadagi” tea 
preparation as important medicinal agent. This contradiction can be attributed to the fact that, at each plant level 
the medicinal property can be manifested, but their combined effects in “Gadagi” tea may lead to damages to 
cardiovascular tissues. This may be linked to the mode of preparation of the tea or quantity of the plants used in 
preparation of the tea. The curative properties of most plants are perhaps due to the presence of various secondary 
metabolites such as alkaloids, flavonoids, glycosides, phenols, saponins and sterols and also the elemental 
composition. It is plausible to suggest that these bioactive constituents of plants involved in herbal “Gadagi” tea 
may have lost their native biomedicinal property or they strongly favored lipogenesis. This fact must be considered 
by the “Gadagi” tea sellers and/or consumers from both the standpoint of preparation and dosage. Finally, the 
overall result of this work suggests that herbal “Gadagi” tea is toxic to the Heart and peripheral vascular tissues. 
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